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SPECIFICATION 



TO ALL WHOM IT MAY CONCERN: 

BE IT KNOWN THAT WE, YASUHIKO KOJIMA, a 
citizen of Japan residing at Nirasaki-Shi , Yamanashi, 
Japan, HIROYUKI MORI, a citizen of Japan residing at 
Nirasaki-Shi, Yamanashi, Japan and HIROFUMI ONO, a 
citizen of Japan residing at Yasu-gun, Shiga, Japan 
have invented certain new and useful improvements in 

SEMICONDUCTOR MANUFACTURING SYSTEM HAVING A 
VAPORIZER WHICH EFFICIENTLY VAPORIZES A LIQUID 

MATERIAL 



of which the following is a specification:- 



TITLE OF THE INVENTION 

SEMICONDUCTOR MANUFACTURING SYSTEM HAVING A 
VAPORIZER WHICH EFFICIENTLY VAPORIZES A LIQUID MATERIAL 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention generally relates to a 
semiconductor manufacturing system and, more particularly, 
to a vaporizer for vaporizing a liquid material to produce 
a gas to be used in a semiconductor manufacturing process. 

2. Description of the Related Art 
Generally, a semiconductor device is produced by 

processing a semiconductor wafer by repeating a film 
deposition process and a pattern etching process. 
Especially, requirements to the film deposition process 
have become more severe in association with the progress 
in a high density and high integration of semiconductor 
devices. For example, there is a demand for a thinner 
film with respect to an extremely thin film such as an 
insulating film for producing a capacitor or a gate in the 
semiconductor device. Also there is a demand for a 
thinner film with respect to an electrode film or a wiring 
pattern film. In a case of the wiring pattern film, there 
is suggested a method for depositing a copper or aluminum 
film by a chemical vapor deposition (CVD) method. In such 
a case, a film is deposited by using a deposition gas that 
is produced by vaporizing a liquid material. The liquid 
material is vaporized by a vaporizer so as to produce the 
deposition gas, which is a vapor of the liquid material. 
In a normal film deposition process, an amount of flow of 
the liquid material per unit time is extremely small. 
Accordingly, in order to perform a film deposition process 
with high accuracy, it is required to efficiently vaporize 
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the liquid material supplied to a vaporizer and supply the 
vaporized material to the downstream side on which a film 
deposition apparatus is located. 

A description will now be given, with reference 
5 to FIG. 1, of a structure of a conventional vaporizer. 
The conventional vaporizer 2 shown in FIG. 1 comprises a 
vaporizer body 4 in which a valve chamber is formed. The 
valve chamber 6 is divided into two chambers by a 
diaphragm 8, one is a valve chamber 6 and the other is a 

10 vaporizing chamber 10. The diaphragm 8 serves as a valve 
body, which opens and closes a valve port 12 so as to 
control a flow of the vaporized material. 

The valve port 12 is provided in the center 
portion of the bottom of the vaporizing chamber 10 so that 

15 the liquid material supplied to the vaporizer 2 is 
discharged from the valve port 12. Additionally, a 
carrier gas inlet port 14 and a material gas outlet port 
16 are provided on the bottom of the vaporizing chamber 10. 
The carrier gas inlet port 14 is provided for introducing 

20 an inert gas as a carrier gas such as Ar gas or He gas 

into the vaporizing chamber 10. The material gas outlet 
port 16 is provided for discharging the material gas, 
which is produced by vaporizing the liquid material in the 
vaporizing chamber 10. The discharged material gas is 

25 supplied to a film deposition apparatus (not shown in the 
f igurer) . 

A linear actuator 18 is provided to the valve 
body 4 on the opposite side of the vaporizing chamber 8 
with respect to the diaphragm 8. The linear actuator 18 
30 includes a drive shaft 20 that protrudes into the valve 

chamber 6. The drive shaft 20 presses the diaphragm 8 so 
as to open and close the valve port 12 in a manner in 
which a degree of opening of the valve port can be 
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controlled. The entire vaporizer 2 is heated to a 
predetermined temperature by a heater (not shovm in the 
figure) so as to promote vaporization of the liquid 
material by heating and prevent the material gas 
5 (vaporized liquid material) from being liquefied. 

In the vaporizer 2, the vaporizing chamber 10 is 
evacuated to be in a predetermined negative pressure. 
Accordingly, the liquid material supplied to the vaporizer 
2 flows into the vaporizing chamber 10 through the valve 
10 port 12, and the liquid material is atomized and vaporized 
.jj due to its adiabatic expansion within the vaporizing 

J=:: chamber 10 under the negative pressure environment. The 

fij thus -generated material gas is carried by the flow of the 

'i:! carrier gas, and discharged from the vaporizer 2 through 

li 15 the material gas outlet port 16 and supplied to the film 

L:. deposition apparatus, 

^.;S In the above-mentioned vaporizer 2, the 

1% diaphragm 8 having a small flexibility is used as an 

Cj isolation wall between the valve chamber 6 and the 

20 vaporizing chamber 10. Thus, the volume of the vaporizing 
chamber must be very small, and, thus, the conductance of 
the vaporizing chamber 10 is small. As a result, the 
vaporizing chamber 10 cannot be set in a sufficient vacuiam 
condition due to a pressure loss related to the 

25 configuration of the vaporizing chamber 10 even if a 

strong vacuum force is generated by the film deposition 
apparatus. Additionally, there is a problem in that a 
smooth flow of the material gas cannot be achieved due to 
the small conductance of the vaporizing chamber 10 . 

30 Accordingly, in the vaporizing chamber 10, the 

vaporization of the liquid material cannot be sufficiently 
performed, and atomized liquid material (mist of the 
liquid material) may adhere to an inner wall of the 
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vaporizing chamber 10. Most of the atomized liquid 
material adhering to the inner wall of the vaporizing 
chamber 10 is gradually vaporized since the entire 
vaporizer 2 is heated to a predetermined temperature. 
5 However, in many cases the liquid material is a chemically 
unstable material, and the liquid material may discomposed 
due to the heat reaction before being vaporized. Thus, 
there is a problem in that a metal component being deposit 
on the inner wall of the vaporizing chamber 10, which 

10 closes the openings provided in the inner wall of the 
vaporizing chamber 10. 

Additionally, Japanese Laid-Open Patent 
Application No. 5-304110 discloses a vaporizer in which an 
open/close valve and a flow control valve are provided as 

15 separate components. However, the vaporizer disclosed in 
this patent document has a problem in that the entire 
vaporizer becomes large. 

SUMMARY OF THE INVENTION 

20 It is a general object of the present invention 

to provide an improved cind useful vaporizer in which the 
above-mentioned problems are eliminated. 

A more specific object of the present invention 
is to provide a vaporizer, which can efficiently vaporize 

25 a liquid material. 

In order to achieve the above-mentioned objects, 
there is provided according to one aspect of the present 
invention a vaporizer which vaporizes a liquid material 
under a depressurized atmosphere, the vaporizer 

30 comprising: a liquid storing chamber temporarily storing 
the liquid material therein; a vaporizing chamber set in 
the depressurized atmosphere; a small aperture connecting 
between the liquid storing chamber and the vaporizing 
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chamber so as to supply the liquid material to the 
vaporizing chamber; a valve body which opens and closes an 
inlet port of the liquid storing chamber; and an actuator 
controlling a degree of opening of the valve body. 
5 According to the above-mentioned invention, the 

liquid material temporarily stored in the liquid storing 
chamber is supplied to the vaporizing chamber by passing 
through the small aperture when the valve body is moved by 
the actuator so as to open the inlet port of the small 

10 aperture. The vaporizing chamber is configured to define 
a larger space than that of the conventional vaporizer. 
Thus, the liquid material discharged from the outlet port 
of the small aperture can be efficiently atomized without 
adhering the wall of the vaporizing chamber, and, thereby, 

15 the liquid material entering the vaporizing chamber can be 
rapidly and efficiently vaporized . 

The vaporizer according to the present invention 
may further comprise carrier gas introducing means for 
introducing a carrier gas into the vaporizing chamber. 

20 The carrier gas promotes the atomization of the liquid 

material entering the vaporizing chamber. The carrier gas 
introducing means may inject the carrier gas in the 
vicinity of an outlet port of the small aperture. 

In one embodiment of the present invention, the 

25 carrier gas introducing means may include an injecting 

port positioned in the vicinity of the outlet port of the 
small aperture so as to inject the carrier gas from a 
surrounding area of the outlet port in a direction 
substantially perpendicular to a direction of discharge of 

30 the liquid material from the small aperture. 

Alternatively, the carrier gas introducing means 
may include an injecting port positioned in the vicinity 
of the outlet port of the small aperture so as to inject 




-6- 



the carrier gas in a direction substantially opposite to a 
direction of discharge of the liquid material from the 
small aperture. 

Additionally, the valve body may be formed by 
5 one of a diaphragm and a bellows. The vaporizing chamber 
may have a conical shape so that a cross section of the 
vaporizing chamber increases as a distance from the small 
aperture increases . 

Further, a direction of discharge of the liquid 
t3 10 material from an outlet port of the small aperture may 

Vi coincide with a direction of an exit of the vaporizing 

in chamber. Accordingly, an exhaust conductance of 

I'l^ vaporizing chamber is minimized, resulting in a reduction 

Cj in the pressure loss of the vaporizing chamber. Thus, a 

^ 15 further efficient vaporization can be achieved. 

Additionally, the vaporizer according to the 
rj present invention may further comprise a heater provided 

^■f in a periphery of the vaporizing chamber and a temperature 

Cj sensor detecting a temperature of the periphejry of the 

20 vaporizing chamber. Accordingly, the liquid material can 
be heated so as to facilitate vaporization of the liquid 
material. Additionally, the vaporized liquid material can 
be prevented from being liquefied due to a low temperature. 

Further, the vaporizer according to the present 
25 invention may further comprise a heater provided near the 
liquid storing chamber for heating the liquid material in 
the liquid storing chamber and a temperature sensor 
positioned in the vicinity of an outlet port of the small 
aperture. Accordingly, the liquid material in the liquid 
30 storing chamber can be heated so as to facilitate 

vaporization of the liquid material. Additionally, a 
temperature of a portion adjacent to the small aperture, 
which portion tends to be cooled due to the heat of 
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vaporization, can be detected by the temperature sensor 
and the temperature can be controlled to be an appropriate 
temperature. Thus, efficient vaporization of the liquid 
material can be achieved. 
5 In one embodiment of the present invention, the 

liquid material may include a metal complex used for 
depositing a film in a process apparatus. 

Additionally, there is provided according to 
another aspect of the present invention a semiconductor 

10 manufacturing system comprising: a process apparatus 

performing a process using a vaporized material; and a 
vaporizer which vaporizes a liquid material under a 
depressurized atmosphere so as to generate the vaporized 
material, the vaporizer comprising: a liquid storing 

15 chamber temporarily storing the liquid material therein; a 
vaporizing chamber set in a depressurized atmosphere; a 
small aperture connecting between the liquid storing 
chamber and the vaporizing chamber so as to supply the 
liquid material to the vaporizing chamber; a valve body 

20 which opens and closes an inlet port of the liquid storing 
chamber; and an actuator controlling a degree of opening 
of the valve body. 

Other objects, features and advantages of the 
present invention will become more apparent from the 

25 following detailed description when read in conjunction 
with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross sectional view of a 
30 conventional vaporizer; 

FIG. 2 is a structural diagram of a 
semiconductor manufacturing system using a vaporizer 
according to a first embodiment of the present invention; 
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FIG- 3 is a cross -sectional view of the 
vaporizer shown in FIG. 2; 

FIG. 4 is an enlarged cross -sectional view of a 
part of the vaporizer shown in FIG. 3; 
5 FIG. 5 is an enlarged cross -sectional view of a 

part of the vaporizer shown in FIG. 3; 

FIG. 6 is an enlarged cross -sectional view of a 
part of the vaporizer shown in FIG. 3; 

FIG. 7 is a plan view of a diaphragm shown in 

10 FIG. 3; 

FIGS. 8A, SB and 8C are cross -sectional views of 
variations of a vaporizing chamber shown in FIG, 3; 

FIG. 9 is a cross -sectional view of the 
vaporizer using a bellows instead of a diaphragm ; 
15 FIG. 10 is a cross -sectional view of a vaporizer 

according to a second embodiment of the present invention; 
and 

FIG. 11 is a cross -sectional view of a vaporizer 
according to a third embodiment of the present invention; 

20 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

A description will now be give, with reference 
to FIGS. 2 through 6, of a first embodiment of the present 
invention. FIG. 2 is a structural diagram of a 

25 semiconductor manufacturing system using a vaporizer 

according to the first embodiment of the present invention. 
FIG. 3 is a cross -sectional view of the vaporizer shown in 
FIG. 2. FIGS. 4, 5 and 6 are enlarged cross -sectional 
view of a part of the vaporizer shown in FIG. 3. FIG. 7 

30 is a plan view of a diaphragm shown in FIG. 3. In the 

present embodiment, a description will be given of a case 
in which a copper (Cu) film is deposited by using 
Cu(hfac)TMVS according to the CVD method- 
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The semiconductor manufacturing system 22 shown 
in FIG. 2 comprises a process appciratus 24 that deposits a 
film and a vaporizer 26 that vaporizes a liquid material 
to produce a film deposition gas to be supplied to the 
5 process apparatus 24. 

A material supply system 28, which supplies the 
liquid material to the vaporizer 26 includes a 
hermetically sealed material tank 32 which stores the 
liquid material 30 as a material of a metal oxide film, 

10 for example, Cu(hfac)TMVS (copper containing complex). 

The material tank 32 is maintained at a room temperature 
without heating so as to prevent a decomposition reaction 
in the liquid material 30. 

An end of a pressurizing pipe 36 is inserted 

15 into a gas phase portion of the material tank 32 so that a 
pressure controlled He gas as a pressurizing gas can be 
introduced into the gas phase portion in the material tank 
32 through the pressurizing pipe 36. 

Additionally, the material tank 32 and the 

20 vaporizer 26 are connected to each other by a liquid 

material supply passage 38, which is, for example, made of 
a stainless pipe. A material gas passage 40 made of a 
stainless pipe is provided to connect an outlet port of 
the vaporizer 26 and a top portion of the process 

25 apparatus 24 to each other. A material introducing port 
38A of the supply passage 38 is put into the liquid 
material 30 and positioned near the bottom of the material 
tank 32 so that the liquid material 30 can be introduced 
into the supply passage 38 by pressurizing the liquid 

30 material 30. 

A mass -flow meter 42 is provided in the middle 
of the liquid material supply passage 38 , and an amount of 
supply of the liquid material can be controlled by a valve 



# • 

-10- 



body provided in the vaporizer 26 . 

A heater 44 such as a tape heater is wound on 
the material gas passage 44 on the downstream side of the 
vaporizer 26 so as to maintain the material gas passage 40 
5 at a temperature ranging from, for example, 50 to 70 C, 
which temperatiire is higher than the liquidizing 
temperature of the film deposition gas and lower than the 
decomposition temperature. 

Additionally, a carrier gas introducing pipe 46 

10 is connected to the vaporizer 26 so that an inert gas as a 
carrier gas such as Ar gas or He gas, especially He gas in 
this embodiment, is supplied to the vaporizer 26 while a 
flow of the inert gas is controlled. 

The process apparatus 24 has a process chamber 

15 48 formed of aluminum in a cylindrical shape. A plurality 
of exhaust ports 50 are provided in the periphery of the 
bottom 48A of the process chamber 48. A turbomolecular 
pump and a dry pump (both not shown in the figure) are 
connected to the exhaust ports so as to set the process 

20 chamber 48 under a vacuum. 

A table 52 made of a non- conductive material 
such as alumina is provided inside the process chamber 48 
so that an object to be processed such as a semiconductor 
wafer W is placed on the table 52. 

25 A resistance heating element 54 made of carbon 

coated with Sic is embedded in the table 52 so as to heat 
the semiconductor placed on a top surface of the table 52 
to a predetermined temperature. It should be noted that 
the semiconductor wafer may be heated by a heating lamp 

30 such as a halogen lamp instead of the resistance heating 
element 54 as means for heating the semiconductor wafer. 

Additionally, a showerhead 56 is movinted on a 
top of the process chamber 48 so that the showerhead 56 is 
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opposite to the table 52 and covers the entire top surface 
of the table 52. An end of the gas supply passage 40 is 
connected to an inlet port of the showerhead 56 so that 
the film deposition gas can be showered inside the process 
5 chamber 48. A load lock chamber 60 is connected to an 
inner wall of the process chamber 48, which load lock 
chamber 60 can be set under a vacuvim through a gate valve 
58. 

A description will now be given, with reference 

10 to FIGS. 3 to 6, of a structure of the vaporizer 26. As 
shown in FIG* 3, the vaporizer 26 comprises: a liquid 
storing chamber 62 which temporarily stores the liquid 
material 30 supplied , from,J:he licfu id material supply 
passage 38; a vaporizing_chamber„64-r which is connected to 

15 the material gas passage 40 and is set to a negative 

pressure; a small aperture 66 which connects the liquid 
storing^ chamber 62 to the vaporizing chamber 64 so as to 
supply the liquid material to the vaporizing chamber 64; a 
valve body 70 which opens and closes an inlet opening 68 

20 of the small apertirre 66 on the side of the liquid storing 
chamber 62; and a linear actuator 72 which controls a 
degree of opening of the valve body 70. 

Specifically, a vaporiz er body 74 definin g the 
vaporizing chamber 64 is made of an aluminum block having 

25 a cylindrical shape. The vaporizing chamber 64 is formed 
by boring the aluminum block in a generally conical shape 
so that the cross -sectional area is increased toward the 
outlet port 64A. In the figure, an inner wall of the 
vaporizing chamber 64 is a tapered surface, which 

30 corresponds to a surface of a conical shape. 

A flange 76 having a diameter equal to the 
diameter of the outlet port 64A is connected to a side of 
the vaporizer body 74 on which side the outlet port 64A is 



provided* The flange 76 is connected to the material gas 
passage 40 in a straight arrangement. 

The small aperture 66, which is connected to the 
vaporizing chamber 64, is provided on the left side of the 
valve body 74A in the figure. A shallow recess 78 is 
provided in the vicinity of the small aperture 66. A 
support member 80 is attached to the vaporizer body 74 so 
as to cover the entire recess 78. A~sharic)w~ recess " 8 2 
corresponding to the shallow recess 78 is provided to the 

support member^8_0_ A_ disk- li ke dia phrg.qm^4 is provided 

as a valve bod y 70 b etween the support member 80 and the 
vaporizer bod y 74 so that the dia phragm 84 sealingly 
separates the recess 82 of the support member 80 and the 
reces s 78 of t he vaporizer body 74 from each other. The 
diaphragm 84 as the valve body 70 is made of a thin 
stainless steel disc plate as shown in FIG. 7, and is 
configured to be able to bent or deformed in a direction 
of a thickness of the diaphragm 84 (refer to FIG. 6). The^ 
recess 78 sealed by the di aphragm 84 serves as the liquid 
storing chamber 62. A liquid passage 90 having a diameter 
of about 3 mm is formed in the vaporizer body 74 so as to 
connect the recess 78 to the liquid material supply 
passage 38 . 

Accordingly, the liquid material 30 is supplied 
to the liquid storing chamber 62 through the liquid 
passage 90, and is temporarily stored in the liquid 
storing chamber 62. A flow of the liquid material 30 into 
the liquid storing chamber 62 can be stopped by closing 
the small aperture 66 by seating the diaphragm 84 on the 
liquid port 68 of the small aperture 66 on the side of the 
liquid storing chamber 62 . 

The linear actuator 72 is provided on the side 
of the valve body 70. The linear actuator 72 comprises a 
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cylii^^ical electromagnetic coil 92 and a drive rod 94, 
which is movable toward the diaphragm 84 along the center 
axis of the electromagnetic coil 92. The drive rod 94 is 
made to be controllable in a fine stroke manner so that an 
5 accurate control of the valve opening degree can be 

achieved. An end of the drive rod 94 goes through the 
support member 80 and protrudes into the recess 82, and a 
valve body pressing member 98 is mounted on the end of the 
drive rod 94 via a movably supported steel ball 96 so that 

10 a diaphragm 84 is pressed from the back side by the valve 
body pressing member 98. The purpose of provision of the 
steel ball 96 is to set the pressing force exerted by the 
drive rod 94 always in a direction perpendicular to the 
surface of the diaphragm 84. It should be noted that the 

15 actuator 72 is not limited to the above-mentioned 

electromagnetic drive type, and, for example, a drive 
method using a piezoelectric element may be used. 

A carrier gas passage 100 having a diameter of 
about 2 mm is formed as a carrier gas introducing means in 

20 the vaporizer body 74. A gas injection port 102 of the 
carrier gas passage 100 is exposed to the vaporizing 
chamber 64. The carrier gas passage 100 is connected to 
the carrier gas introducing pipe 46 so as to introduce He 
gas, which is heated to a temperature the same as the 

25 temperature of the vaporizer body 74, into the vaporizing 
chamber 64 as a carrier gas. In this case, in order to 
promote atomization of the liquid material 30, it is 
preferable that the gas introducing port 102 be provided 
as close to a liquid outlet port 104 of the small aperture 

30 66 as possible. Considering the present machining 

technique, the gas introducing port 102 can be positioned 
as close as about 5mm from the liquid outlet port 104 . 

A first heater 106 having an annular plate shape 
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±s provided as a heating means between the support member 
80 and the vaporizer body 74 so as to heat a portion 
corresponding to the diaphragm 84 and the small aperture 
66 which tends to be cooled due to the heat of 
5 vaporization of the liquid material 30 • A first 

thermocouple 108 as a temperature sensor is embedded in 
the vaporizer body 74 near the small aperture 66. A first 
temperature control unit 110 controls the first heater 106 
so as to maintain a value detected by the first 

10 thermocouple 108 at a predetermined value. 

Additionally, a plurality of rod- like second 
heaters 112 are embedded as a heating means in the 
vaporizer body 74 by piercing through the flange 76 so as 
to heat the flange 76 and the vaporizer body 74. A second 

15 thermocouple. 114 as a temperature sensor is embedded in 
the vaporizer body 74 near the vaporizing chamber 64. A 
second temperature control unit 116 controls the second 
heaters 112 so as to maintain a value detected by the 
second thermocouple 114 at a predetermined value. 

20 A brief description will now be given of 

dimensions of major parts. The diameter Dl of the outlet 
port 64A of the vaporizing chamber 64 ranges from about 12 
mm to about 20 mm. The diameter D2 of the small aperture 
66 ranges from about 0.5 mm to 2 mm, and the length LI of 

25 the small aperture 66 is less than about 5 ram (refer to 
FIG. 4). In order to reduce the amount of the liquid 
material 30 stored in the small aperture 66, the diameter 
D2 and the length LI are preferably set as small as 
possible so as to control the volume of the small aperture 

30 66 within an amount of liquid material 30 corresponding to 
several minutes of flow. Additionally, the length L2 of 
the vaporizing chamber 64 is set to a value ranging form 
about 12 mm to about 20 mm so that a pressure loss 
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generated by the vaporizing chamber 64 is reduced as much 
as possible in comparison with the diameter Dl of the 
outlet port 64A. 

A description will now be given, with reference 
5 to FIG. 2, of a semiconductor manufacturing system using 
the vaporizer 26- First, a semiconductor wafer W is 
placed on the table 52 provided in the process chamber 48 
of the process apparatus 24, and the semiconductor wafer W 
is heated to a predetermined temperature, for example, 
10 about 200** C. The process chamber 48 is maintained to be 
at a predetemnined process pressure, for example, about 1 
Torr . 

The liquid material 30 such as Cu(hfac)TMVS 
stored in the material tank 32 of the material supply 

15 system 28 is maintained at a room temperature so as to 

prevent from being decomposed. The liquid material 30 is 
delivered through the liquid material supply passage 30 by 
being pressurized by a pressurizing gas such as He gas 
supplied from the pressurizing pipe 36, and is introduced 

20 into the vaporizer 26 after the flow amount thereof is 

detected by the mass -flow meter 42 provided in the middle 
of the liquid material supply passage 38. A liquid flow 
signal generated by the mass-flow meter 42 is fed back to 
the valve body so as to control the flow of the liquid 

25 material 30. The liquid material 30 introduced into the 
vaporizer 26 is turned to a material gas by being 
vaporized as described later by being subjected to an 
adiabatic expansion in the vaporizer 26. The material gas 
flows the material gas passage 40, which is heated to be a 

30 temperature higher than the meniscus point and lower than 
the decomposition reaction point, and is introduced into 
the process chamber 48 through the showerhead 56 of the 
process apparatus 24. The material gas is used to deposit 
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a Cu film on the wafer W in the process chamber. 

A description will now be given, with reference 
to FIGS. 3 to 6, of an operation of the vaporizer 26. FIG. 
4 shows a stated in which the valve off the vaporizer 26 
5 is full-opened. FIG. 5 shows a state in which the valve 
of the vaporizer 26 is half -opened. FIG. 6 shows a state 
in which the valve of the vaporizer 26 is completely 
closed. In FIG. 3, the liquid material 30 flowing through 
the liquid material supply passage 38 enters via th e 

10 liquid pass age 90 the liquid storing chamber 62, whic h is 
defined by the diaph ragm 84 and ha s a small v olume. The 
liquid material 30 enters the inlet port 68 and passes 
through the small aperture 66 when the diaphragm serving 
as a valve body does not seat on the inlet port 68 of the 

15 small aperture 66 and is separated from the inlet port 68, 
as shown in FIGS. 4 and 5. The liquid material 30 is then 
discharged from the outlet port 104 on the opposite end 
toward the vaporizing chamber 64, which is maintained at a 
negative pressure. Immediately after the discharge, the 

20 liquid material 30 is atomized so as to be fine mists, and 
is simultaneously vaporized, which results in generation 
of the material gas. At the same time. He gas as a 
carrier gas is injected from the gas injection port 102 of 
the carrier gas passage 100. Since the volume of the 

25 vaporizing chamber 64 is very large unlike the 

conventional vaporizer, the liquid material 30 can be 
vaporized very efficiently. Accordingly, the fine mists 
so not adhere to the inner wall of the vaporizing chamber 
64, and the liquid material does not remain in the 

30 vaporizing chamber 64. Additionally, since the liquid 
material 30 can be efficiently vaporized, the liquid 
material does not decompose due to heat in the vaporizing 
chamber 64, thereby preventing the vaporizer itself from 
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being closed by the deposited material produced by 
decomposition. As mentioned above, since the supplied 
liquid material can be used for deposition after being 
completely vaporized, a film having a designed thickness 
5 can be deposited. 

Additionally, since the volume 64 of the 
vaporizing chamber 64 is large as mentioned above, the 
exhaust conductance becomes very large and a pressure loss 
at the vaporizing chamber 64 becomes very small. Thus, 

10 the efficiency of vaporization can be further increased. 
For example, in the case of the present embodiment using 
the above-mentioned dimensions, the pressure loss at the 
vaporizing chamber 64 was able to be reduced to 10% of 
that of the conventional vaporizer. Additionally, since 

15 the liquid material discharged from the small aperture 66 
is vaporized and flows into the material gas passage 40 
without changing its direction of flow, there is no 
turbulent flow generated in the material gas and the 
material gas can flow smoothly. 

20 Additionally, the injection port 102, which 

injects the carrier gas, is reduced in its diameter so as 
to increase a flow speed of the injected gas, and is 
positioned very closed to the outlet port 104 of the small 
aperture 66. Thus, the liquid material exiting the small 

25 aperture 66 is efficiently agitated, thereby promoting 
further atomization of the liquid material. 

Additionally, since there is no large 
discontinuity on the wall of the vaporizing chamber 64, 
stagnation of gas flow can be reduced. 

30 Fxrrther, since the temperatures of the portions 

to be heated are controlled by providing the heaters 106 
and 112 and detecting the temperatures by the 
thermocouples 108 and 114, respectively, the entire 



-18- 



vaporizer can be maintained at a heating temperature with 
high uniformity. Especially, the first thermocouple 108 
detects the temperature in the vicinity of the liquid 
outlet port 104 of the small aperture 66 of which 
5 temperature tends to be decreased due to the heat of 
vaporization so as to maintain the temperature of the 
portion f the outlet port 104 at an optimum value. Thus, 
the vaporization of the liquid material can be efficiently 
performed. 

10 In order to control the flow of the liquid 

material 30, a degree of valve opening is changed by 
changing the displacement of the diaphragm 84 by moving 
the drive rod 94 of the actuator 72 forward or rearward by 
a small distance. In order to stop the supply of the 

15 liquid material 30, the diaphragm 84 is seated on the 

inlet port 68 of the small aperture 66 so as to close the 
inlet port 68 as shown in FIG. 6. In this stcire, since 
the volume of the small aperture 66 is set to be very 
small, the amount of the liquid material remaining inside 

20 the small aperture 66 corresponds to only an amount of 

flow for several seconds. Thus, there is no influence to 
the thickness of the film being deposited. 

In the above-mentioned embodiment, although the 
wall of the vaporizing chamber 64 forms a conical shape, 

25 the present invention is not limited to such a shape. 

That is, the wall of the vaporizing chamber 64 may define 
a shape which is a combination of tapered surfaces, 
vertical surfaces and horizontal surfaces as shown in FIG. 
8A, or may define a shape which is a combination of 

30 tapered surfaces and vertical surfaces as shown in FIG. 8B 
so as to set the diameter Dl of the outlet port 64A larger 
than the diameter of the flange 76 so that the volume of 
the vaporizing chamber 64 is increased as much as possible. 
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Altematively, the vaporizing chamber 64 may be formed in 
a generally cylindrical shape so as to increase the volume 
of the vaporizing chamber 64 as much as possible as shown 
in FIG. 8C. In any case, the entire configuration of the 
5 vaporizing chamber 64 is not limited to a specific form, 
and can be set to any form as long as the volume of the 
vaporizing chamber is increased. 

Additionally, although the diaphragm 84 is used 
as the valve body 70 in the above-mentioned embodiment, 

10 the present invention is not limited to the diaphragm and 
a telescopically deforrnable bellows 120 made of a metal 
plate may be used as the valve body 70 as shown in FIG, 9, 
Additionally, although the present embodiment is 
described in relation to the case in which Cu(hfac)TMVS is 

15 used as the liquid material that is used for depositing a 
copper film, the present invention is not limited to such 
a case and is applicable to any liquid. For example, DMAH 
(dimethyl aluminum hexide) used for depositing an aluminxam 
film, Ta(OC2H5)5 (metal alkoxide) used for depositing a 

20 tantalum oxide film or a TEOS material may be used. 

A description will now be given, with reference 
to FIG. 10, of a vaporizer according to a second 
embodiment of the present invention. In FIG. 10, parts 
that are the same as the parts shown in FIG. 3 are given 

25 the same reference numerals, and descriptions thereof will 
be omitted. 

The vaporizer 26A according to the second 
embodiment of the present invention has the same structure 
as the vaporizer 26 according to the above-mentioned first 

30 embodiment except for the structure for injecting a 

carrier gas being changed. That is, although the carrier 
gas is injected from the wall surface of the vaporizing 
chamber 64 in the structure of the vaporizer 26 according 
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to the first embodiment, the carrier gas in the vaporizer 
26A according to the present embodiment is injected toward 
a position directly under the outlet port of the small 
aperture 66 from the surrounding area of the outlet port 
5 of the small aperture 66. 

As shown in FIG. 10, an end of the carrier gas 
passage 100 provided in the vaporizer body 74A of the 
vaporizer 26A according to the present embodiment is 
connected to a conical passage lOOA that extends to a 
10 portion adjacent to the outlet port of the small aperture 
66 along the wall of the vaporizing chamber 64. The 
conical passage lOOA is a passage having a conical shape 
along the wall of the vaporizing chamber 100. The carrier 
gas passage 100 is connected to a bottom portion of the 
15 conical passage lOOA, and the top of the conical passage 
lOOA is configured and arranged to position under the 
small aperture 66 as shown in FIG. 10. 

Accordingly, the carrier gas supplied to the 
conical passage lOOA from the carrier gas passage 100 
20 flows from the bottom to the top of the conical passage 

lOOA and is led to a position under the outlet port of the 
small aperture 66, eind the carrier gas is injected to the 
vaporizing chamber 64 from the top of the conical passage 
lOOA. An outlet of the conical passage lOOA located at 
25 the top thereof is arranged to inject the carrier gas in a 
direction substantially perpendicular to the direction of 
discharge of the liquid material from the small aperture 
66. Additionally, the carrier gas is injected from the 
outlet port of the conical passage lOOA from the periphery 
30 of the position directly under the outlet port of the 
small apert\ire 66. Thus, the carrier gas is injected 
toward the liquid material that exits the small aperture 
66 from the periphery of the liquid material, and, thereby. 



the liquid material is released to the space of the 
vaporizing chamber 64 without flowing the wall surface of 
the vaporizing chamber 64. 

In order to form the conical passage lOOA, the 
vaporizer body 74A of the present embodiment comprises an 
upper body 74a and a lower body 74b. That is, the conical 
passage lOOA is formed between a conical inner surface of 
the upper body 74a and a conical outer surface of the 
lower body 74b. According to the thus -formed conical 
passage lOOA, a passage which can lead the carrier gas to 
the area surrounding the position directly xinder the 
outlet port of the small aperture 66 can be formed with a 
simple structure. 

In the above-mentioned structure, the liquid 
material 30 discharged from the small aperture 66 is 
atomized into fine droplets (mists) due to the injection 
of the carrier gas, and is released to the space of the 
vaporizing chamber 64. That is, the liquid material 
discharged from the small aperture 66 is turned into fine 
droplets (mists) immediately after being discharged. 
Thereby, a large droplet of the liquid material is not 
formed at the outlet port of the small aperture 66, 
thereby, preventing a large droplet of the liquid material 
from flowing along the wall of the vaporizing chamber 64 
or being released to the space of the vaporizing chamber 
64. The fine droplets of the liquid material are 
vaporized and turned into the material gas immediately 
after entering the space of the vaporizing chamber 64. 

As mentioned above, in the vaporizer 26A 
according to the present embodiment, the liquid material 
30 can be efficiently vaporized by efficiently generating 
fine mists of the liquid material by injecting the carrier 
gas from the outlet port of the conical passage lOOA. 



In FIG, 10, the first heater 106 is provided in 
a position rear the liquid storing chamber 62 by being 
inserted into the vaporizer body 74 from the side sirrface 
of the vaporizer body 74. Additionally, the second 
heaters 112 are embedded in the vaporizer body 74 from the 
side opposite to the flange 76. 

It should be noted that, also in the present 
embodiment, the bellows 120 may be used instead of the 
diaphragm 84. Additionally, the configuration of the 
vaporizing chamber 64 is not limited to the conical shape, 
and various other shapes may be used. 

A description will now be given, with reference 
to FIG. 11, of a vaporizer according to a third embodiment 
of the present invention. In FIG. 11, parts that are the 
same as the parts shown in FIG. 3 are given the same 
reference numerals, and descriptions thereof will be 
omitted. 

The vaporizer 26B according to the third 
embodiment of the present invention has the same structure 
as the vaporizer 26 according to the above-mentioned first 
embodiment except for the structure for injecting a 
ccirrier gas being changed. That is, although the cearrier 
gas is injected from the wall sxirface of the vaporizing 
chamber 64 in the structure of the vaporizer 26 according 
to the first embodiment, the carrier gas in the vaporizer 
26B according to the present embodiment is injected toward 
the outlet port of the small apertirre 66 from under the 
outlet port of the small aperture 66 so as to promote the 
atomization of the liquid material. 

As shown in FIG. 11, an end of the carrier gas 
passage 100 provided in the vaporizer body 74 of the 
vaporizer 26B according to the present embodiment is 
connected to a carrier gas injecting pipe 10 OB that 
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protrudes into the space of the vaporizing chamber 64 and 
extends to a position directly under the outlet port of 
the small aperture 66. The carrier gas injecting pipe 
lOOB protrudes from the wall surface of the vaporizing 
5 chamber 64, and extends to the center of vaporizing 

chamber 64. Thereafter, the carrier gas injecting pipe 
lOOB is bent 90 degrees toward the small aperture 66. 
Accordingly, the carrier gas supplied to the carrier gas 
passage 100 is led to the position directly under the 

10 outlet port of the small aperture 66 by the carrier gas 
injecting pipe lOOB, and the carrier gas is injected 
toward the outlet port of the small aperture 66. 

In the above-mentioned structure, the liquid 
material 30 discharged from the small aperture 66 is 

15 atomized into fine droplets (mists) due to the injection 
of the carrier gas, and is released to the space of the 
vaporizing chamber 64. That is, the liquid material 
discharged from the small aperture 66 is turned into fine 
droplets (mists) immediately after being discharged. 

20 Thereby, a large droplet of the liquid material is not 
formed at the outlet port of the small aperture 66, 
thereby, preventing a large droplet of the liquid material 
from flowing along the wall of the vaporizing chamber 64 
or being released to the space of the vaporizing chamber 

25 64. The fine droplets of the liquid material are 

vaporized and turned into the material gas immediately 
after entering the space of the vaporizing chamber 64. 

As mentioned above, in the vaporizer 26B 
according to the present embodiment, the liquid material 

30 30 can be efficiently vaporized by efficiently generating 
fine mists of the liquid material by injecting the carrier 
gas from the carrier gas injecting pipe lOOB. 

In FIG. 11, the first heater 106 is provided in 
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a position rear the liquid storing chamber 62 by being 
inserted into the vaporizer body 74 from the side surface 
of the vaporizer body 74. Additionally, the second 
heaters 112 are embedded in the vaporizer body 74 from the 
5 side opposite to the flange 76. 

It should be noted that, also in the present 
embodiment, the bellows 120 may be used instead of the 
diaphragm 84. Additionally, the configuration of the 
vaporizing chamber 64 is not limited to the conical shape, 

10 and vearious other shapes may be used. 

The present invention is not limited to the 
specifically disclosed embodiments, and variations and 
modifications may be made without departing from the scope 
of the present invention. 

15 The present application is based on Japanese 

priority application No. 11-256410 filed on September 9, 
1999, the entire contents of which are hereby incorporated 
by reference. 
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